Cleavage divisions in many animals form a blastula made up of a simple polarized epithelium. This simple embryonic epithelium possesses an apical surface covered with microvilli and primary cilia separated from the basolateral surfaces by cell-cell junctions. The apical membrane proteins and lipids differ from those of the basolateral on these embryonic epithelial cells, as is found in adult epithelial cells. Formation of cell polarity in embryos at fertilization, including those from both protostomes and deuterostomes, uses the same molecules and signalling machinery as do polarizing epithelial cells that polarize upon cell-cell contact. In addition, the actin-myosin cytoskeleton plays an integral role in establishment and maintenance of this early cell polarity. However, early cleaving blastomeres from higher organisms including echinoderms and vertebrates have not been considered to exhibit cell polarity until formation of junctions at the third through to the fifth cleavage divisions. The role of new membrane addition into the late cleavage furrow during the early rounds of cytokinesis may play a key role in the early establishment of cell polarity in all animal embryos.
Introduction
Early cleavage divisions after fertilization result in a polarized epithelium termed a blastula in most animals. This simple embryonic epithelium possesses a typical apical surface with junctions separating the basolateral surfaces. Beside such ornamentations as microvilli and cilia on the apical surfaces, there is distinct localization of membrane proteins and lipids on these embryonic epithelial cells, as is found in adult epithelial cells. Remarkably, establishment of cell polarity in embryos at fertilization, including those from such diverse organisms as the nematode, a protostome, and the ascidian, a deuterostome, uses the same molecules and signalling machinery as do polarizing epithelial cells that polarize upon cell-cell contact [1] [2] [3] [4] [5] [6] [7] . Other embryos, mostly deuterostomes, have not been thought to exhibit much cellular polarity until the establishment of cell junctions at the third through to the sixth cleavage division. In all cases, the cortical acto-myosin cytoskeleton plays a key role in the establishment and maintenance of embryonic and epithelial cell polarity. In this commentary, an analysis of the role of cytokinesis in the establishment of cell polarity in early embryos is discussed. embryos exhibiting extreme cell and embryonic polarity is that of the protostome Caenorhabditis elegans. These embryos have a highly polarized cortex and localized determinants, which leads to very determinative development. This is demonstrated by the differential localization of Par proteins at fertilization into the anterior-posterior axis, thus segregating determinants at the first cell division [8] . The first cell division thus delineates the anterior from the posterior of the embryo. The molecular nature of this polarity is defined by the action of the Par polarity complex composed of two PDZ-containing adaptor proteins, Par6 and Par3, working in concert with the aPKC (atypical protein kinase C). Polarity in C. elegans embryos, established at fertilization, is initiated and maintained by the acto-myosin cortex, which plays a key role in restricting the Par6 complex (including aPKC) to the anterior domain [3, 4] . The Par proteins play a key role in controlling asymmetric divisions in these worms, and also in flies and mammals [2, [9] [10] [11] . Interestingly, in formation of the epithelial ectoderm in Drosophila embryos, Par6 is the first of the complex to localize apically [12] . However, the roles of the Par complex in formation and maintenance of the early blastula epithelium is not clear in most deuterostome embryos.
Most deuterostome eggs show little cortical polarity or developmental restrictions, as shown by the finding that an isolated blastomere from a four-cell stage embryo can develop into a normal embryo. This is due to the fact that each of the first four cells in these embryos possesses vegetal determinants that are equally inherited by the first two cleavage divisions. One exception in the deuterostomes is the ascidian embryo which exhibits profound localization of determinants, including the Par proteins [5] . Most deuterostomes show signs of polarity in the animal-vegetal axis; for instance, with the localization of the Wnt pathway signalling protein Disheveled at the vegetal pole in echinoderms [13] , probably reflecting the inability of a animal half of a fertilized egg to develop normally [14] . The asymmetric localization of Par proteins or of aPKC does not appear to be present until at least the eight-cell stage in mammals, when they appear on the apical pole of the blastomeres [10] . However, its partner aPKC does not appear until the 16-cell stage [10] , where the entire Par complex associates with the junctional complex. Meiotic maturation of amphibian eggs induces an asymmetric localization of aPKC and Par3 in the animal hemisphere, although the complex is not localized to the cortical region as it is in other embryos [15] . During formation of the blastula epithelium in amphibian embryos, aPKC appears on the fertilized egg membrane cortex and remains on this apical domain throughout early cleavages [16] . Thus, little is known about the roles and regulation of the Par complex during early cleavage divisions in deuterostomes.
While mammalian embryos do not reveal molecular polarity until after several cleavage divisions, a remarkably strong polarity is exhibited during oocyte meiotic maturation divisions. Par3 has been shown to be associated with a cortical actin cap in the pole of the oocyte where polar bodies are born, and the intact actin cytoskeleton is required for maintenance of the asymmetric Par3 localization [17] . Clearly, while deuterostomes are regulative in development, the early embryo, including that of the mouse, shows distinct cell polarity where cleavage divisions play a key role in segregating determinants [18] .
Cleavage divisions result in the transformation of a seemingly unpolarized egg membrane to that of a blastula epithelium such that blastomeres have both an apical surface facing the outside and a basolateral surface facing the inside. In most embryos, establishment and maintenance of the apical membrane distinct from the basolateral membrane is due to formation of tight junctions after the third through to the fifth cleavage division [19] . In most embryos from higher animals, it is the formation of junctions at the eightto 16-cell stage that leads to polarization of the blastomeres [20] . In a few embryos, including amphibians, tight junctions first form at the two-cell stage although they may not assume their apical locations until much later [21] [22] [23] [24] .
Interestingly, in sea urchin embryos, early reports suggested that even isolated blastomeres from the first cleavage divisions are able to have a self-polarizing capacity [25] [26] [27] , in spite of the finding that these embryos do not form junctions, including septate junctions, until at least the third division [28, 29] . One sign of precocious cell polarity at the two-and four-cell stages in echinoderm embryos includes the fertilization-induced elongation of actin-rich microvilli and their retention only on the blastomere surface facing the extracellular matrix, even when the blastomeres are dissociated, whereas the surfaces facing the future blastocoel are relatively bare of microvilli [30] . Probably reflecting this polarized distribution of microvilli is the distribution of the αBβC subunits of integrins [31] . αBβC integrins are found to be present only on the outer surface exposed to the extracellular matrix as early as the two-cell stage [31] .
In echinoderm embryos the calcium-dependent cell adhesion molecules cadherin and β-catenin appear on the plasma membrane following fertilization by the process of exocytosis, but do not become localized on the cell surface until focused to the junction region upon their formation [32, 33] .
Work on cytokinesis in embryonic cells shows that membrane trafficking occurs late in the cleavage furrow to provide the added membrane surface area required in such embryonic cells as those from sea urchins [34, 35] , Drosophila [36] [37] [38] [39] [40] , C. elegans [41] [42] [43] , zebrafish [44] and amphibians [45] [46] [47] [48] . Not only is it becoming clear that membrane trafficking, especially a role for the recycling endosome as a path for new furrow membrane, is essential for the completion of cytokinesis [49] [50] [51] , but the membrane inserted into the late furrow is likely to possess unique properties. For instance, in amphibian embryos, membranes inserted into the furrows possess the cell adhesions molecule β1-integrin [52] . It appears that the fertilized egg plasma membrane in amphibian embryos becomes the apical cell membrane of the blastula [53] . The basolateral cell membrane of the blastula epithelium thus originates in large measure from targeted exocytosis in the cleavage furrow.
Conclusion
Plasma membrane dynamics and mobility in the cleavage furrow play an important role in cytokinesis. Key signalling molecules are associated with the membrane including Rho, lipid signalling molecules and kinases [54] [55] [56] . Movement in the plane of the membrane, both towards the furrow and into the furrow via exocytosis, probably play critical roles in the regulation of cytokinesis and in the defining of plasma membrane domains. Both in embryos and in adult cells, it is likely that new membrane insertion into the furrow provides distinct membrane proteins and lipids to constitute the basolateral surface. Somehow, the molecular assembly of the contractile ring and the overlying membrane cortex provide a barrier preventing the mixing of basolateral surface with apical surface in early cleavage stage embryos prior to the formation of junctions.
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